Sixteen crossbred heifers were assigned at random on d 3 of an estrous cycle to continue to receive the medium quality hay (control diet) or to be flushed with a grain ration (high-energy diet) until slaughtered on d 12 or 16. The ovarian follicles were counted and measured using routine histological techniques. Both the nonatretic and atretic (more than four pyknotic bodies) antral follicles (>.14 ram) were separated into six classes according to diameter size. The mean number of nonatretic follicles measuring .29 to .67 mm and .68 to 1.57 mm in heifers on a highenergy diet increased from 30.8 and 8.1 on d 12 to 57.5 and 15.5 on d 16, whereas in heifers on a control diet it decreased from 43.1 and 13.0 to 28.1 and 6.5, respectively (energy in diet • day of estrous cycle interaction, P<.05). The mean number of nonatretic follicles measuring 3.68 to 8.56 mm decreased from 2.1 to 0 between d 12 and 16 in heifers on a high-energy diet while it remained the same at 0 and .5, respectively, for heifers on a control diet (energy in diet • day of cycle interaction, P<.05). Of the total number of follicles (mean = 161) 38.2% were atretic. Mean number of atretic follicles measuring 1.58 to 3.67 mm in heifers on a high-energy diet increased from 14.8 at d 12 to 31.0 at d 16 whereas in heifers on a control diet it decreased from 27.4 to 13.3, respectively (energy in diet • day of cycle interaction, P<.05). Results of the present study suggest that the high-energy diet increased the pool of follicles measuring .29 to .67 mm and .68 to 1.57 mm and limits growth to follicles measuring 3.68 to 8.56 mm by increasing atresia of follicles measuring 1.58 to 3.67 ram.
Introduction
The ovarian follicles in cattle vary in number and in growth rate within size classes and stages of the estrous cycle; the rate of changes increases towards the end of the cycle (Matton et al., 1981) . In addition, this pattern of follicular development that normally leads to a single ovulation can be modififed to give double ovulation by feeding cows a high-energy diet before an injection of a low dose of pregnant 1 Contribution no. 159. 2The authors wish to thank D. Pitman, I. Kirby, A. Bouchard, A. Belleau and L. Boisvert for their contributions.
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6 Send reprint requests to this author. Received November 2, 1984. Accepted July 11, 1985. mare serum gonadotropin (PMSG; . Such evidence suggests that the feeding regimen produces in cattle an effect similar to that observed in sheep and pigs. In those studies, however, it was not possible to assess whether this effect was due to a change in atresia and(or) to an entry in the pool of a larger number of growing follicles because there were no morphological studies performed. The purpose of the present study was to determine ovarian follicular population observed at two stages of the estrous cycle in heifers on a high-energy diet.
Materials and Methods
The 16 dairy-beef crossbred heifers used for this experiment were between 16 and 20 mo of age and weighed an average of 306 kg. The heifers were fed ad libitum medium quality hay during a pre-experimental period that lasted at least 2 mo. Subsequently, the estrous detection was conducted twice daily using vasectomized bulls. Starting on d 3 of an estrous cycle, the heifers were assigned to receive either the same Follicles then were examined under a light microscope and classified as nonatretic or atretic. A follicle was designated as atretic when five or more pyknotic bodies were observed at the border or among the granulosa cells of the section studied (Cahill et al., 1979) . Included in the group of atretic follicles were those with a widespread desintegration of the granulosa cells. All other follicles with four or less pyknotic bodies were considered nonatretic.
The area of each follicle was determined by tracing with a coordinograph. To conform with the normal convention of expressing follicular size as a diameter, the area of the follicle expressed in pm 2 was assumed to be circular and the diameter was then calculated and expressed in millimeters.
The appearance of antrum formation was calculated according to the criteria described by Mariana and Nguyen Huy (1973) and considered to begin at .14 mm.
Atretic and nonatretic antral follicles were grouped into six diameter-classes: 1, .14 to <.29 mm; 2, .29 to .67 mm; 3, .68 to 1.57 mm; 4, 1.58 to 3.67 mm; 5, 3.68 to 8.56 mm and 6, >8.57 mm. The nonatretic and atretic antral follicles in each class were expressed as a percentage of the total number of foUicles present in the ovary.
Statistical Methods. Each class of follicles was analyzed separately. Data were analyzed by the least squares method of fitting constants (Harvey, 1960) . The experimental design was a split-plot. The main block included the variation due to energy in diet, day of cycle and energy in diet x day of cycle interaction. Each mean in the plot was tested against heifer-withintreatment variation. Subplot included variation due to ovary and its two-and three-way interactions with energy in diet and day. Each mean in the subplot was tested against heifers-withintreatment x ovary interaction. Duncan's Multiple Range test was used to detect differences among means.
Results

Population of Antral Follicles. The total
number of follicles present in an ovary varied significantly among heifers, ranging from 32 to 387 (table 1) . The number present in size-classes 1 and 2 are responsible for this high variation in the total number of follicles among heifers. These represented 67% of the total population; their number ranging from 12 to 124 for each of the first two size-classes (table 1) . In sizeclasses 3, 4, 5 and 6, the range in the number of follicles present in a heifer was 4 to 72, 2 to 73, 0 to 14 and 0 to 2, respectively. The total number of follicles in an ovary was greater on d 16 than d 12 for heifers on a high-energy diet (209.1 vs 142.8), whereas for heifers on a control diet the total was less on d 16 than d 12 (108.5 vs 185.3; table 2).
Nonatretic Follicles. Sixty-two percent of all follicles were nonatretic (table 2). They were mainly found in classes 1 and 2 where the nonatretic follicles represented 52.4% of the total population. The percentage of all follicles which were nonatretic was 60% on d 12 and 64% on d 16 (P>.05).
Mean number of nonatretic follicles measuring .29 to .67 mm and .68 to 1.57 mm on d 12 was less for heifers on a high-energy diet than for those on a control diet (30.8 and 8.1 vs 43.1 and 13.0, respectively). The contrary was observed on d 16 (57.5 and 15.5 vs 28.1 and 6.5, respectively) yielding a energy in diet • day of cycle interaction (P<.05; figure 1 and table 3). Nonatretic foUicles measuring 3.68 to 8.56 mm were present on d 12 only in heifers on a high energy diet (2.1 vs 0) and essentially absent in ali heifers on d 16 (energy Atretic Follicles. The total number of atretic follicles averaged 38.2% of the total follicular population studied (table 2). The major proportion of atretic follicles was found in those measuring 1.58 to 3.67 mm, accounting for 12.2% of the total follicular population observed in an ovary. The mean number of atretic follicles of diameter 1.58 to 3.67 mm was lower on d 12 for heifers on a high energy diet (14.8 vs 27.4) but was higher on d 16 (31.0 vs 13.3) than for those on a control diet (energy in diet • day of cycle interaction P<.05 ; figure 2 and table 3).
Atretic follicles of the other size classes varied in a nonsignificant manner independently from the treatments imposed.
All of the largest follicles observed on d 12 and 16 were atretic and averaged 10.2 and 9.7 ram, respectively, in the 16 heifers used in the study.
Corpus-Luteum-Bearing Ovary. The distribution of nonatretic follicles of diameter .68 to 1.57 mm varied depending on whether they were from a corpus-luteum-bearing (CL-O) or noncorpus-luteum-bearing ovary (NCL-O), and from a heifer on a high-or control-energy diet (CL-O vs NCL-O • high-energy diet vs control diet; P<.02; table 3). Heifers on a high-energy diet had a mean number of 14.8 nonatretic follicles measuring .68 to 1.57 mm on the CL-O as compared with 8.9 on the NCL-O, while heifers on a control diet had 7.1 and 12.4 for the two types of ovaries, respectively.
Discussion
The total number of antral follicles varied considerably among the animals in this study. small size-classes of follicles, the larger sizeclasses with fewer follicles varied substantially. For example, in follicles of diameters 1.58 to 3.67 mm and 3.68 to 8.56 mm, the number of antral follicles ranged from 2 to 73 and 0 to 14, respectively. Thus, caution should be exercised when the dynamics of follicular growth during the cycle are extrapolated from data obtained from only one or two animals slaughtered on various days of the cycle (Rajakowski, 1960; Mariana and Nguyen Huy, 1973) .
Square root or logarithm transformation of the data and the use of percentage of one particular size-class from the total population present in an ovary as such or transformed to arcsine values were used to further normalize the distribution of follicles. However, it was found that absolute values allowed the main effects and(or) their interaction to be statistically significant about the same levels.
An extra r d of the high-energy diet between d 12 and 16 was found to be sufficient to bring differences in the number of small size-classes of follicles as it had been observed macroscopically with large follicles (Dufour et al., 1972; Matron et al., 1981) , The pool of small follicles was increased by maintaining the high-energy diet treatment between d 12 and 16. Conversely, the numbers of small follicles decreased in heifers on a control diet. The small number of follicles measuring .29 to .67 mm and .68 to 1.57 mm observed at d 12 in heifers on a high energy diet was similar to that in heifers on a control diet at d 16. Therefore, it can be speculated that a high-energy plane of nutrition for a short period can hasten the growth rate of small follicles. Associated with an increase in the number of nonatretic foUicles measuring .29 to .67 mm and .68 to 1.57 mm was a simultaneous increase in the rate of atresia of follicles measuring 1.58 to 3.67 mm regardless of whether the heifers had been on a high-energy diet. Because heifers on a highenergy diet had approximately the same number of atretic follicles measuring 1.58 to 3.67 mm on d 12 of the cycle as heifers on a control diet on d 16, it can be speculated that a high-energy diet accelerated follicular growth or atresia by a factor equivalent to 4 d. Rajakowski (1960) had reported an increase in the number of atretic follicles after d 12, particularly in those larger than 2 mm. More recently, Ireland and Roche (1983) using receptor index for foUicle stimulating hormone (FSH) in isolated follicles greater than 6 ram, have provided evidence that the large nonovulato12r follicles are undergoing atresia between d 7 and 13, leaving their place to smaller, developing nonovulatory follicles.
An increase in the atresia of follicles measuring 1.58 to 3.67 mm was found to be associated with a decrease in the number of follicles measuring 3.68 to 8.56 mm as observed in heifers on a high-energy diet and a control diet on d 16. Therefore, the critical point in the growth of the limited number of large follicles seemed to occur in follicles measuring 1.58 to 3.67 mm where the rate of atresia can be altered.
The largest follicles observed on d 12 or 16 of the cycle in heifers on a high-energy diet and a control diet were found to be atretic. These results agree with those of Choudary et al. (1968) who reported that during the luteal phase of the cycle, all bovine follicles greater than 5.0 mm in diameter were atretic. Similarly, Priedkalns (1971) found that the largest follicles observed in a cow treated with a progestogen to control the estrous cycle were always atretic. More recently, Ireland and Roche (1982) found that all follicles greater than 6 mm and isolated from heifers ovariectomized during the luteal phase were pyknotic and found to be estrogeninactive.
If we assume that large follicles that are atretic cannot ovulate, the increased response to a mild superovulation observed in cows fed on a high plane of nutrition would most likely proceed from the recruitment of follicles measuring 1.58 to 3.67 mm and possibly those of 3.68 to 8.56 mm in diameter. Indeed, the diameter of the largest nonatretic follicles averaged 3.3 ram.
The observation that the diameter of the largest nonatretic follicle in heifers on a highenergy diet was larger on d 12 and smaller on d 16 also suggests that a high-energy diet may accelerate the growth rate and the turnover of follicles. This effect of nutrition on the development of large ovarian follicles is in agreement with previous research on sheep and heifers, which included only morphological data (Dufour and Matron, 1977; Dufour, 1975) .
